In Canada, lenalidomide combined with dexamethasone (Len/Dex) is approved for use in relapsed or refractory multiple myeloma (RRMM). Our expert panel sought to provide an up-to-date practical guide on the use of lenalidomide in the managing RRMM within the Canadian clinical setting, including management of common adverse events (AEs). The panel concluded that safe, effective administration of Len/Dex treatment involves the following steps: (1) lenalidomide dose adjustment based on creatinine clearance and the extent of neutropenia or thrombocytopenia, (2) dexamethasone administered at 20-40 mg/week, and (3) continuation of treatment until disease progression or until toxicity persists despite dose reduction. Based on available evidence, the following precautions should reduce the risk of common Len/Dex AEs: (1) all patients treated with Len/Dex should receive thromboprophylaxis, (2) erythropoiesis-stimulating agents (ESAs) should be used cautiously, and (3) females of childbearing potential and males in contact with such females must use multiple contraception methods. Finally, while Len/Dex can be administered irrespective of prior therapy and in all prognostic subsets, patients with chromosomal deletion 17(p13) have less favorable outcomes with all treatments, including Len/Dex. New directions for the use of lenalidomide in RRMM are also considered.
Introduction
Multiple myeloma (MM), the second most common hematological malignancy in adults, is associated with various clinical manifestations including anemia, lytic bone lesions, and renal and immune impairments. According to Canadian Cancer statistics, an estimated 2300 Canadians will be diagnosed with MM and 1350 will die from this disease in 2011 [1] . While no cure for MM is available, five-year survival rates have risen substantially in Canada and elsewhere over the last decade, partly due to novel therapies such as thalidomide, bortezomib, and lenalidomide [2, 3] . Nonetheless, regardless of initial treatment, most patients will eventually relapse and require salvage therapy, often consisting of novel agents, alone or in combination.
Lenalidomide is an immunomodulatory drug with direct effects on myeloma cells as well as their microenvironment. Early clinical trials with lenalidomide as a single agent in relapsed or refractory MM (RRMM) patients demonstrated its antimyeloma activity [4] . In preclinical studies, the agent has been shown to kill myeloma cells by upregulating certain cyclin-dependent kinase inhibitors and other early response factors [5] . Lenalidomide can also induce apoptosis by the activation of the intrinsic caspase-8 pathway [6] , and it is thought to be more potent than thalidomide at inhibiting MM cell line growth and inhibiting TNF-α secretion from peripheral blood cells following LPS stimulation [7, 8] .
Lenalidomide also has antiangiogenic properties, manifested in vitro by its ability to inhibit endothelial cell migration [9] . In addition, lenalidomide has properties not shared by thalidomide, such as inhibition of T regulatory cells and enhancement of tumor immunity [10, 11] .
As reported in two landmark phase III trials that are the basis of Canadian approval of lenalidomide in RRMM, the efficacy of this agent is greatest when used in combination with dexamethasone [12, 13] . This combination is supported by data showing that lenalidomide can activate caspases 3, 8, and 9 with variable efficiency in different MM cell lines and that the addition of dexamethasone is synergistic and leads to a greater induction of apoptosis [5] .
Additional studies, subgroup analyses of available phase III trials, and Canadian postmarketing experiences have all informed current practice regarding the use of lenalidomide in the RRMM patient population. In this paper we aim to provide an up-to-date practical guide on the use of this novel agent in the setting of RRMM, as well as a guide to managing commonly seen adverse events. To the best of our knowledge, the current report provides the first Canadian guidance for using lenalidomide in RRMM.
Methods
The expert panel convened in Paris, France, on May 2, 2011, in conjunction with the 13th International Myeloma Workshop. The group met to discuss the use of lenalidomide in the management of RRMM in the Canadian environment. The Chair (DR) invited panelists to research and write individual sections of the paper.
The various sections were collected, compiled, and distributed to the group, which discussed the paper via web conference. Panelists subsequently generated a revised draft in which all sections included specific clinical guidance (i.e., practice considerations). The revised paper was discussed at a final web conference, where all practice recommendations were considered, revised as appropriate, and ultimately adopted by the full panel; any areas of disagreement are noted.
Celgene Canada provided the impetus for the panel to pursue this project freely and independently. Celgene Canada supported the process throughout, including support for the participation of a medical writer (JA) in preparing this paper. The opinions represented here are solely those of the physician-panelists.
Indication, Timing, Dose, and Treatment Duration
In October 2008, the combination of lenalidomide and dexamethasone (Len/Dex) was approved in Canada for the treatment of RRMM in patients who had received at least one prior therapy. This approval was based on evidence from two phase III trials, namely, MM009 [12] and MM010 [13] , which showed significant benefits in response rate (RR), time to progression (TTP), and overall survival (OS) following Len/Dex therapy, compared with dexamethasone monotherapy. The benefits of Len/Dex over dexamethasone alone were seen in all age groups and were independent of previous therapy type. Based on the currently approved indication for this agent in Canada and the results of available studies, the initiation of lenalidomide therapy is not limited by the number or type of previous lines of therapy, although OS and progression-free survival are greater among patients with only one prior therapy versus those with two or more prior therapies [35] .
In the MM009 and MM010 trials, lenalidomide was given at a dose of 25 mg per day on days 1 to 21 of a 28-day cycle, along with 40 mg of dexamethasone per day on days 1-4, 9-12, and 17-20. After the fourth cycle, 40 mg of dexamethasone was given daily on days 1-4 of every cycle. Cycles were continued until disease progression or until toxicity persisted, despite dose reduction. Noting the lack of prospective randomized trials specifically addressing different approaches to drug administration in the relapsed/refractory setting, the panel agreed that the recommended dose and schedule of Len/Dex therapy need not directly follow those outlined in published clinical trials.
We agreed that the starting dose of lenalidomide should remain at the current standard (25 mg daily on days 1-21) in the absence of baseline renal insufficiency and/or significant cytopenias. Specifically, the dose of lenalidomide must be adjusted based on the creatinine clearance, using standard dose adjustments (Table 1) . Either the Cockcroft-Gault or the MDRD (modification of diet in renal disease) formula may be used to calculate creatinine clearance. Caution is urged in calculating the renal function based solely on serum creatinine level in older patients with MM [36] .
Lenalidomide treatment should be used with caution in patients with thrombocytopenia (i.e., platelet counts <50 × 10 9 /L or <30 × 10 9 /L in those with heavy marrow infiltration with myeloma) and absolute neutrophil counts <1.0 × 10 9 /L; if lenalidomide is used in this setting, measures for aggressive growth factor supplementation and/or platelet transfusion support must be in place.
Although the pivotal phase III trials in RRMM used the standard high-dose (HD) pulsed dexamethasone (12 doses of 40 mg per month, on days 1-4, 9-12, and 17-20 of a 28-day schedule), it has become common practice in Canada to administer dexamethasone on a weekly schedule (four doses of 20-40 mg per month, on days 1, 8, 15, and 22 of a 28-day schedule). Although dexamethasone dose should be selected on the basis of individual clinical circumstances, the panel notes that such low-dose (LD) dexamethasone administration is particularly suitable for elderly patients, as well as those with uncontrolled diabetes, unmanageable glucocorticoid side effects, or relatively indolent relapses.
Weekly LD dexamethasone now represents the standard of care in newly diagnosed individuals. The panel's preference for LD dexamethasone administration is based in part on the results of a trial on Len/Dex in initial therapy for MM (see New Directions, below) [30] . Here, despite a somewhat lower RR compared to the HD dexamethasone group, patients receiving LD dexamethasone plus lenalidomide experienced improved OS and fewer grade ≥3 toxicities. A second line of evidence supporting the use of dexamethasone at doses lower than employed in MM009 and MM010 comes from a post hoc analysis of stepwise dose reduction in these trials [37] . In this analysis, which did not directly test a weekly dexamethasone regimen, patients who reduced the dose of dexamethasone experienced significantly better RR, TTP, and OS. A final reason for the use of weekly LD dexamethasone is more hypothetical: one purported important mechanism of action of lenalidomide is via its immunomodulatory properties, and laboratory and clinical studies have demonstrated that dexamethasone can antagonize the potentially beneficial immunostimulatory effects of this drug [5, 38] . Therefore, LD dexamethasone may allow better immunomodulatory effects, while preserving the ability of corticosteroids to enhance the antiproliferative activities of lenalidomide. Finally, with regard to treatment duration, lenalidomide therapy should be maintained continuously in most patients. This is in contrast to regimens in which combination therapy is given to maximal response and then discontinued to allow a treatment hiatus. One study has reported that the duration of lenalidomide therapy is directly related to a longer survival [39] . However, the optimal dose of lenalidomide when administered on a long-term basis is less certain. For example, another post hoc analysis of the MM009/MM010 study examined patients who were still on therapy 12 months after entering the trial and found that those who had dose reductions after 12 months had a significantly longer PFS than those who had reductions less than 12 months earlier, or no dose reduction [40] .
The panel makes no specific recommendation on routine dose reduction after a specific period of time. However, we recommend that doses of lenalidomide and/or dexamethasone should be reduced to allow treatment to continue until disease progression occurs. Dose interruptions should occur only in situations of significant toxicities, with a plan to reinstitute therapy as soon as toxicity decreases with appropriate dose modifications. If required, dose reduction to ameliorate toxicity should follow the recommendations outlined in Tables 1, 2 [15] [16] [17] [18] , as summarized in Table 5 . The most consistent finding among these studies is that patients with del(17p13) experience less favorable outcomes when treated with Len/Dex [15, 16] or Len/Dex with bortezomib than those individuals lacking this adverse prognostic factor [18] . However, the presence of del(17p13) has repeatedly been shown to predict a shorter progression-free survival (PFS) and OS among RRMM patients, regardless of therapy [15, 16, 18] . Although patients with del(17p13) derive less benefit, the panel agreed that they may be treated with Len/Dex but should preferentially be considered for clinical trials designed for high-risk patients, if such an option is available. Innovative strategies, not yet defined, are needed for patients with a 17p13 deletion.
Treatment of Special Populations
Although the trials of Reece et al. [15] and Klein et al. [16] suggest that Len/Dex treatment can overcome the poorer prognosis ordinarily associated with del(13q14) and t(4; 14), these conclusions are in contrast to those of AvetLoiseau et al. [17] . In this last study, del(13q14) and t(4; 14) were associated with significantly lower RR, PFS, and OS in univariate analysis. In particular, patients with t(4; 14), compared to patients without t(4; 14), experienced significantly lower response and survival rates. However, multivariate regression analysis identified a prior history of progression while on thalidomide as the main adverse prognostic factor, and t(4; 14) per se was not retained in the model. Moreover, the patients in the Avet-Loiseau trial were more heavily pretreated. Evidence to date is also equivocal regarding the impact on Len/Dex treatment efficacy of chromosome 1q21 amplifications [16, 18] .
With regard to high-risk myeloma, as defined by the 70-gene GEP signature, there are currently no studies assessing the impact of lenalidomide-based therapy on the survival of these patients when used in the relapsed setting. However, results of studies incorporating lenalidomide in the frontline treatment regimen (e.g., Total Therapy 3, incorporating multidrug induction therapy, tandem autologous stem cell transplantation, and maintenance with the combination of lenalidomide, bortezomib, and dexamethasone) suggest that the 70-gene GEP signature remains a predictor of poor survival outcomes [41] .
Currently, it remains difficult to provide definite recommendations for the use of lenalidomide in relapsed patients with high-risk cytogenetics. Prospective studies in this area are clearly warranted.
Practice considerations are as follows. (ii) Patients with del17(p13) have poorer outcomes with all treatments, including Len/Dex treatment, and are high-priority candidates for innovative regimens directed to high-risk patients. However, Len/Dex may be used in the absence of such alternatives.
Previous Thalidomide Treatment.
Although lenalidomide has been shown to be more potent than thalidomide in preclinical studies, the two agents are structurally similar and likely exert their antimyeloma effects through similar mechanisms. Retrospective investigations suggest that prior thalidomide exposure [15] , progression during thalidomide [17] , and thalidomide resistance [18] independently predict reduced PFS and OS. The MM-009 and MM-010 phase III studies included 154 (44%) and 120 (34%) patients, respectively, who had been previously exposed to thalidomide [12, 13] . A post hoc analysis of these two studies demonstrated that, while the overall RR of lenalidomide treatment was lower in patients previously treated with thalidomide (65% versus 54%), the response duration was not statistically different [19] . Further subgroup analyses of patients with prior thalidomide exposure revealed that those who had responded to thalidomide and did not progress while on therapy had the best overall RR, median duration of response, and PFS when subsequently treated with lenalidomide (Table 6 ). RR and PFS among patients who failed to respond to thalidomide were better with Len/Dex than with dexamethasone alone, although duration of response to the assigned agent did not differ. Finally, PFS was superior with Len/Dex over dexamethasone monotherapy, regardless of prior thalidomide response. Another nonrandomized, prospective study of 106 previously thalidomidetreated patients suggested that the overall RR, PFS, and OS were not significantly different between patients who were thalidomide-sensitive versus thalidomide-resistant (56%, 10 months, 17 months, resp.) [42] . A third study, retrospective in nature, looked at retreatment with immunomodulatory agents in patients given this class of drugs as initial therapy for myeloma. For the subset of patients who received Len/Dex after initial thalidomide, the overall RR was 48% and the median TTP was 9 months [43] . 
Elderly Patients.
Up to 37% of newly diagnosed MM patients are older than 75 years [44] . Elderly patients are more likely to have significant comorbidities, tend to be frail, and have lower performance status and poorer tolerance to medications. Nevertheless, elderly patients have often been included in clinical studies of novel agents, and available evidence suggests that, with appropriate management, they can also benefit from these agents. However, a 40 mg dose of dexamethasone can be challenging to deliver to some elderly patients, and this agent may be given at a lower weekly dose of 20 mg.
Practice considerations are as follows.
(i) Among elderly patients, dexamethasone should be started at a dose of 40 mg per week, unless there are significant and/or severe comorbidities.
(ii) Dexamethasone should be started at a dose of 20 mg per week in less fit patients; an initial dose of 16 mg may be considered for very frail patients, as guided by clinical judgment. As noted above, these doses are lower than those used in the MM009/MM010 studies and the results may not be the same as when 4-day pulses are administered.
Toxicities and Management of Adverse Events
The safety and toxicity of lenalidomide have been evaluated in published clinical trials [12, 13] , as well as in an expandedaccess program for Canadian and international patients [45] . Although lenalidomide is well tolerated by most patients, some adverse effects are common during treatment. However, some of the more significant side effects associated with thalidomide are not seen with lenalidomide. Indeed, in the MM-009 and MM-010 studies, the incidences of grade 3-4 constipation, somnolence, and peripheral neuropathies were similar for the Len/Dex-treated group compared to the dexamethasone monotherapy group [12, 13] . Importantly, side effects associated with Len/Dex are not affected by the number of prior therapies [35] .
Hematologic Toxicities.
The most common grade 3-4 adverse events in the two phase III pivotal trials of lenalidomide were hematologic, including neutropenia; thrombocytopenia; to a lesser extent, anemia. The risk of grade 3 or 4 febrile neutropenia was slightly increased with the addition of lenalidomide (3.4% in the Len/Dex group versus 0% in the dexamethasone group). Dose reductions typically occur most frequently during the initial cycles. It is not clear whether the risks of neutropenia and thrombocytopenia per se decrease with time or whether the pattern observed is secondary to dose modifications [46, 47] . At any rate, clinicians should be particularly vigilant during the first few months after initiation of lenalidomide. Given that a standard lenalidomide dose of 25 mg among patients with renal failure is associated with more cytopenias, especially neutropenia and thrombocytopenia [48] , reducing the initial dose may ameliorate these risks. Specific recommendations for laboratory monitoring are summarized below.
Neutropenia and Thrombocytopenia.
Myelosuppression associated with lenalidomide is dose-dependent and is usually predictable and manageable [47] . To decrease risks of infection and bleeding, lenalidomide should not be started in patients with an absolute neutrophil count (ANC) below 1.0 × 10 9 /L or a platelet count below 50 × 10 9 /L except in exceptional circumstances and with supportive measures in place, as discussed above. Lenalidomide administration should be interrupted whenever neutrophil and platelet counts reach these cutoffs. At the next cycle, if neutropenia is the only dose-limiting toxicity, treatment may resume at the same dose, with the addition of growth factor support such as filgrastim 300 or 480 mcg administered subcutaneously once or twice weekly, in patients with ANC >1.0 × 10 9 /L. In the presence of other doselimiting toxicities, dose reduction is recommended (Table 2) . Treatment may also be reintroduced, albeit at a reduced level, when platelet count is over 30 × 10 9 /L. For each subsequent grade 3-4 neutropenia and platelet count less than 30 × 10 9 /L, lenalidomide administration should be withheld and restarted at a lower dose at the next cycle. Dose adjustments for neutropenia and thrombocytopenia associated with lenalidomide are presented in Tables 3 and  4 . In some circumstances, especially during the first few cycles, significant neutropenia or thrombocytopenia can result from heavy myeloma bone marrow infiltration rather than pure myelosuppression. In these cases, lenalidomide should probably be continued with the addition of G-CSF (granulocyte-colony stimulating factor) in case of neutropenia and platelet transfusions given to manage thrombocytopenia.
Anemia.
Anemia is rarely a significant problem in patients undergoing Len/Dex combination therapy. Thus, clinicians should follow the standard practice established by their institution for transfusions. Some concerns have been raised regarding the potential risk of venous thromboembolic events associated with concomitant use of erythropoietin. Although the MM-010 study [13] suggested that these events are unrelated, the MM-009 [12] study identified a trend toward more venous thromboembolic events with erythropoietin. Accordingly, we recommend that erythropoiesis-stimulating agents (ESAs) be used with caution in patients receiving lenalidomide; if an ESA is given, the hemoglobin level should be maintained at <120 g/L as per the Health Canada label.
Others.
Recently, lenalidomide exposure has been associated with failure to mobilize a sufficient number of Advances in Hematology 7 stem cells using growth factors alone [49] [50] [51] . This negative effect on stem cell mobilization can be overcome with the addition of cyclophosphamide [52] or plerixafor [53] . Since use of lenalidomide most commonly follows relapse after autologous stem cell transplant (ASCT) and successful stem cell mobilization in eligible patients, this consideration is rarely problematic in Canada.
(i) MM patients experiencing neutropenia or thrombocytopenia should interrupt lenalidomide treatment until their ANC reaches 1.0 × 10 9 /L and/or their platelet count reaches 30 × 10 9 /L. Lenalidomide may then be restarted at a lower dose, as indicated in Table 2 .
(ii) The timing of interrupting and restarting lenalidomide in response to neutropenia and thrombocytopenia should follow the guidance in Tables 3 and  4 , respectively.
(iii) To avoid a potential increase in the risk of venous thromboembolism, ESAs should be utilized cautiously with Len/Dex, and the hemoglobin level should be maintained at <120 g/L.
Nonhematological Toxicities.
Many nonhematological adverse effects reported with the combination of Len/Dex are associated with dexamethasone alone, including insomnia, peripheral edema, tremor, muscle weakness, blurred vision, dyspepsia, psychological changes, and hyperglycemia. These adverse events should be managed in the usual manner; if significant and persistent, they may necessitate dexamethasone dose reduction. Additionally, lenalidomide is potentially associated with gastrointestinal symptoms such as diarrhea, constipation, and nausea, as well as with muscle cramps, fatigue, and muscle weakness. As a general rule, for grade 3-4 nonhematological treatment-related toxicities, lenalidomide treatment should be withheld and restarted at the next lower dose level when toxicity has resolved to grade 2 or lower.
Infections.
Despite the immunomodulatory effect of lenalidomide, the infection rate was increased with the addition of lenalidomide in both the MM-009 and MM-010 trials [12, 13] . Most infections were low-grade, with grade 3-4 infections seen in 10-20% of patients. Per study protocol, no antibiotic prophylaxis was provided in either of the two phase III trials. Due to this risk of infection, antibiotic prophylaxis may be considered for patients treated with Len/Dex, especially if HD dexamethasone is used. Unfortunately, there currently exists no recommendation for a single antibiotic class for this purpose, but our own preference is levofloxacin. Given that use of LD dexamethasone is associated with less frequent infections in newly diagnosed patients [30] , it is not clear whether routine antibiotic prophylaxis is necessary.
In the MM-009 and MM-010 studies, reports of grade 3-4 viral or fungal infections were rare [54] .
Practice Considerations are as follows.
(i) LD dexamethasone is associated with a lower risk of infection than HD dexamethasone among new MM patients.
(ii) Given the modest elevation in the risk of infection with Len/Dex treatment, antibiotic prophylaxis may be considered. Acceptable agents include trimethoprim/sulfamethoxazole or levaquin.
Thromboembolic Events.
Although the risk of thromboembolic events is low when lenalidomide is administered as a single agent [4] , this risk increases when it is used in combination with dexamethasone. The incidences of thromboembolic events in the MM-009 and MM-010 studies were 8.8-14.7% with Len/Dex versus 3.4-4.7% with dexamethasone alone. However, thromboprophylaxis was not required in either of these studies. The risk of venous thromboembolism is higher within the first few months after initiation of therapy with Len/Dex, decreasing dramatically thereafter [46] . This observation might be explained in part by the administration of higher doses of dexamethasone during the first 4 cycles of therapy, followed by a significant decrease. Indeed, an Eastern Cooperative Oncology Group (ECOG) trial has shown that the incidence of thromboembolism is directly related to dexamethasone dose [30] . The risk of venous thromboembolism among MM patients treated with Len/Dex is comparable to that of other high-risk populations for whom thromboprophylaxis is commonly recommended. A number of prophylactic approaches have been suggested when immunomodulatory agents are administered, including those based on the number of potential risk factors for venous thromboembolism [55, 56] . However, a recently published phase III trial reported similar rates of thrombosis when either enoxaparin or ASA was used as thromboprophylaxis in transplant-eligible patients with newly diagnosed MM treated with lenalidomide-based regimens [57] .
In the absence of randomized phase III trials comparing the thromboprophylaxis agents with a control/placebo group in an RRMM setting, it is difficult to draw conclusions concerning the real efficacy of these regimens. Nevertheless, the panel endorsed an approach in which daily ASA was suggested as thromboprophylaxis in patients not known to be at heightened risk of thrombotic events or to be allergic or intolerant to ASA. For those in whom ASA is contraindicated, prophylactic low molecularweight heparin (LMWH)-such as enoxaparin 40 mg per day-should be used. For patients with a recent history of a thromboembolic event, full anticoagulation with LMWH is recommended, although warfarin could eventually be considered in patients with robust and stable platelet counts while on lenalidomide. Due to the low risk of venous thromboembolism associated with lenalidomide monotherapy (see New Directions, to be mentioned later), thromboprophylaxis in this scenario is not indicated. (iv) Thromboprophylaxis should be held if the platelet count drops below 50 × 10 9 /L and restarted when patients recover over that threshold.
Rashes.
Rashes occur in up to 29% of patients on the Len/Dex regimen [58] . These rashes occur most frequently during the first few weeks of treatment, are usually self-limited, and are severe in only a minority of patients. Nevertheless, Stevens-Johnson syndrome and toxic epidermal necrolysis have been reported and can be fatal. For localized rashes, antihistamines and topical steroids are usually sufficient. For mild but more extensive rashes, short-duration systemic low-dose steroids are usually needed. When rashes are more severe, dose interruption, reduction, or permanent discontinuation may be required, depending on clinical judgment. Importantly, patients with a past history of a severe rash associated with thalidomide should not receive lenalidomide. Of interest, one case of skin hypersensitivity reaction to lenalidomide with successful desensitization has been reported [59] . A similar case has been described for thalidomide [60] , further supporting this intervention for those experiencing type I hypersensitivity to lenalidomide. Recommended management of rashes is summarized in Table 7 .
(i) If a rash becomes severe, lenalidomide dose may be reduced, interrupted, or discontinued; otherwise, antihistamines and steroids are usually sufficient.
Teratogenicity.
Since lenalidomide could potentially be teratogenic in humans, precautions in females with childbearing potential and males are important to avoid birth defects. In order to reduce these risks, the RevAid program provides a safe access to lenalidomide by stipulating a number of conditions for potential patients. For females of child-bearing potential, birth control using complete abstinence or two contraception methods is mandatory, beginning four weeks before initiation of lenalidomide and up to four weeks after. For males, complete abstinence or use of latex condoms during sexual contact with females of child-bearing potential is mandatory. While it is unknown whether lenalidomide is excreted in breast milk, breastfeeding is generally not recommended.
(i) Females of child-bearing potential and males in sexual contact with such females who are on Len/Dex treatment must use multiple contraception methods.
5.2.5.
Other. General symptoms such as fatigue and asthenia are reported at a similar frequency with Len/Dex as with dexamethasone monotherapy. However, these symptoms can become a reason for lenalidomide dose modification or discontinuation, especially in the elderly. Diarrhea and constipation have both been described, each occurring in approximately 20% of patients [45] . Although these symptoms can be routinely managed, our experience indicates that diarrhea may be particularly problematic in certain patients and that ongoing treatment with loperamide or similar agents may allow continuation of full doses of lenalidomide. The fact that lenalidomide capsules contain lactose might contribute to the gastrointestinal side effects noted in some patients. For unexplained reasons, Len/Dex combination has been associated with a higher incidence of grade 3-4 atrial fibrillation compared to dexamethasone alone (4% versus 1.1%, resp.) [14] . Other side effects, such as loss of appetite and muscle cramps, may be bothersome to patients receiving treatment on a long-term basis. We have found that the use of quinine sulphate 200-300 mg per day is often effective in reducing the incidence and frequency of muscle cramps in significantly affected patients [61] . Anecdotally, patients with severe muscle cramps not completely controlled with quinine have derived relief from daily low doses of benzodiazepines such as clonazepam.
Tumor lysis syndrome has been described with lenalidomide, but it is more often a concern in chronic lymphocytic leukemia patients treated with this agent. Its occurrence in MM has not been well evaluated but appears to be uncommon. Nevertheless, tumor lysis syndrome can occur in any patient with a hematologic malignancy and a high tumor burden or with renal impairment. Thus, proper hydration and monitoring of electrolytes, creatinine, and uric acid is advisable in patients with a high tumor load and/or rapidly proliferating disease.
In contrast to that of thalidomide, the incidence of peripheral neuropathy with lenalidomide is very low [14] . Some cases of neurologic deterioration have been described with lenalidomide, but they might be due to the evolution of prior neuropathy. A recent observational study on the clinical course of peripheral neuropathy during lenalidomide treatment concluded that this therapy does not worsen peripheral neuropathy [62] . Practice considerations are as follows.
(i) Patients with significant diarrhea may require agents such as loperamide on a regular basis.
(ii) Quinine sulphate 200-300 mg per day can reduce muscle cramps in affected patients.
(iii) Although tumor lysis syndrome is considerably more common in patients treated with lenalidomide for chronic lymphocytic leukemia, myeloma patients with a high tumor load and/or rapidly proliferating disease may be at risk for this complication, especially if renal insufficiency is present. Proper hydration and laboratory monitoring is advisable in such patients when lenalidomide is initiated [63, 64] .
Second Primary
Malignancies. Emerging data from maintenance therapy studies using lenalidomide (IFM 05-02, CALGB 100104, and MM-015) suggest that long-term use of this agent might be associated with the development of second primary malignancies (SPM). However, in RRMM, after a median followup of 48 months for surviving patients, MM-009 and MM-010 have shown a low incidence of SPM. Furthermore, SPM rates were similar for patients on Len/Dex versus those on dexamethasone alone [40] .
After an exhaustive review of clinical trials and postmarketing data, the European Medicines Agency issued a statement on September 23, 2011 to the effect that "the benefit-risk balance for lenalidomide remains positive within its approved patient population but advises doctors of the risk of new cancers as a result of treatment with the medicine." This analysis found that there were 3.98 cases of new cancer for every 100 patient-years in patients receiving lenalidomide compared with 1.38 cases in those not receiving lenalidomide in the approved population (Press Release 23 Sept 2011, European Medicines Agency, http://www.ema.europa.eu/). These included skin cancers as well as hematologic malignancies and some invasive solid tumors. Health Canada issued a similar statement in May 2012, recommending careful evaluation of patients "before and during treatment in order to screen for the occurrence of new malignancies" (http://hc-sc.gc.ca/dhpmps/medeff/advisories-avis/prof/ 2012/revlimid hpc-cpseng.php, accessed July 2012).
The panel therefore reiterates that patients on lenalidomide should be watched for signs or symptoms of a new cancer. Routine cancer screening should be followed, per Canadian or local guidelines [65, 66] .
Practice consideration are as follows.
(i) The efficacy of lenalidomide in RRMM outweighs the small risk of developing a secondary malignancy.
(ii) Physicians and patients should be aware of this small risk; routine Canadian cancer screening measures should be performed, and any signs or symptoms of a possible second cancer should be evaluated and reported, if appropriate, to the RevAid program.
Monitoring of Adverse Events.
Proper monitoring is required to note emerging side effects and to prevent potential treatment complications. A complete blood count with differential should be obtained every two weeks during the first 3 cycles and subsequently every month before a new cycle. Serum creatinine should be obtained before each cycle in order to adjust the lenalidomide dose according to impaired renal function. Because of possible liver toxicity [67] or thyroid dysfunction [68] associated with lenalidomide therapy, liver function tests including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and bilirubin, as well as thyroid function tests should be done periodically throughout the treatment. Because atrial fibrillation remains a relatively rare event, serial electrocardiograms (ECGs) are not routinely required. For females of child-bearing potential, two pregnancy tests must be negative before starting lenalidomide: at 7-14 days and at 24 hours before administration of the drug. During the treatment, pregnancy tests should be conducted weekly for the first four weeks, then monthly (or every two weeks if menstrual cycles are irregular) until four weeks after treatment cessation.
New Directions.
Given the established efficacy and favorable toxicity profile of lenalidomide in RRMM, this agent has now been evaluated at different time points in the disease course, as well as in combination with drugs other than dexamethasone alone (combination therapy) [20-29, 31-34, 68-75] . Combination of lenalidomide with alkylators, anthracyclines, and/or bortezomib yields very high remission rates (Table 8) . So far, no randomized trials have established the superiority of a 3-or 4-drug combination over Len/Dex in terms of PFS or OS. Results of an induction trial, comparing Len/dex with MPT (MM020), are anticipated later this year. In addition, even though lenalidomide-given with dexamethasone-is currently approved only for use after one prior therapy, there is considerable interest in employing this drug as part of initial therapy in newly diagnosed patients. Options in this setting include its administration in induction regimens in patients both eligible and ineligible for ASCT, in addition to its use as maintenance therapy after ASCT.
Phase III trials have now been initiated in these settings, and the available results are summarized in Table 9 . Two recent randomized trials indicate that posttransplant maintenance therapy with single agent lenalidomide started 60-100 days after ASCT significantly improves PFS, and one of these trials has noted a survival advantage in the lenalidomide arm [27] . Adoption of lenalidomide maintenance as a standard of care will depend on the identification of the subgroups most likely to benefit, the risk of late complications such as SPM, and the cost implications of such a strategy. On balance, it is likely that the results of recent/ongoing randomized studies will lead to expanded applications of lenalidomide in the treatment of patients with MM.
Conclusions
Based on available evidence, Len/Dex appears to be an effective and safe treatment strategy for RRMM patients, regardless of the type and number of prior therapies. In order to ensure optimal balance between efficacy and tolerability, lenalidomide dose and schedule should be adjusted based on creatinine clearance and presence of neutropenia and thrombocytopenia; dexamethasone should typically be administered at weekly doses of 20-40 mg, and treatment should be continued until disease progression or toxicity, even in patients requiring dose reduction.
Although certain adverse events can occur with Len/Dex, the following precautions can significantly reduce their impact: (1) Lenalidomide interruption and dose modification should follow established guidelines, with judicious use of G-CSF and transfusions if needed to avoid potential hematological toxicities; (2) all patients should receive thromboprophylaxis unless contraindicated. In most patients without a history of thrombosis, 81 mg of ASA is sufficient; alternatively, prophylactic doses of LMWH may be administered. Patients with a recent history of thromboembolism or known thrombotic disorder require full anticoagulation while on Len/Dex, usually consisting of LMWH; patients with stable platelet counts over 100 × 109/L can be considered for coumadin; (3) ESAs should be used cautiously, and if this treatment is used, the hemoglobin target should be <120 g/L; (4) females of child-bearing potential and males in sexual contact with such females must use multiple contraception methods.
Future studies are needed to elucidate the role of lenalidomide as part of initial MM therapy, as well as maintenance therapy after ASCT. Also, while various threeand four-drug combinations including lenalidomide as the [76] .
